THE diagnosis of congenital complete atrioventricular block usually offers little difficulty. It requires only electrocardiographic verification of the mechanism of an abnormally slow heart rate that has been recognized in utero or early infancy and has occurred without any known toxic or infectious etiology. There frequently remains, however, the problem of the interpretation of clinical findings that are suggestive of an associated congenital cardiac lesion. Auscultation, in particular, has long been confusing, and it has been a common view that the systolic murmur heard in most patients with congenital heart block is indicative of a ventricular septal defect. Earlier studies also suggested that an underlying structural defect, usually in the ventricular septum, was responsible for the interruption in normal atrioventricular conduction.1' 2 More recently, Campbell and Thorne3 and Wood4 have demonstrated that this relationship has undoubtedly been overemphasized.
The purpose of this communication is to present the clinical and hemodynamic findings in a group of children with congenital complete atrioventricular block and to analyze certain perplexing aspects of the clinical profile in relation to the hemodynamic abnormalities. Supported by a Grant-in-aid of The American Heart Association.
MATERIAL AND METHODS
Clinical, electrocardiographic, and radiologic examinations are available in 27 children, observed at the Children's Medical Center during the past 8 years (1949-57). These patients had electrocardiographic evidence of complete heart block without history of associated infection (diphtheria, rheumatic fever, virus) or intoxication (digitalis).
Phonocardiograms with simultaneous electrocardiograms or pulse tracings were obtained on selected patients by means of a dual channel photographic oscillograph. Right heart catheterization according to methods previously described' was performed in 12 of these patients with special attention directed to the detection of small left-toright shunts. In 3 patients 2 intracardiac catheters were inserted to provide simultaneous blood sampling from the superior vena cava or right atrium and the main pulmonary artery, and in all patients multiple blood samples were obtained from the superior vena cava, right atrium, right ventricle, and pulmonary artery. In the children on whom ventilatory measurements and oxygen consumption could not be obtained the cardiac outputs were calculated on the basis of prominicnt fourth heart sounds due to atrial development was usually normal although 5) patients were slightly underdeveloped ini height or weight.
Jugular venous pulsations showed prominent cannon "a" waves but were otherwise normal. The systolic blood pressure ranged from 85 to 120 mm. Jig (average 110), the diastolic blood pressure from 30 to 70 mm.
Hg (average 54), and the pulse pressure from 35 to 100 mm. Hg (average 56).
Auscultation revealed that, the first heart sound was frequently variable in intensity from beat to beat; the second heart sound was normally split, and of somewhat increased intenisity. A distinct third heart sound was heard at, the apex in 12 patients. A fourth heart sound was not heard with certainty but was identifiable in the phonocardiograms ( fig. 1) .
A systolic murmur of at least grade II intensity was heard in all but 1 of the 25 patients, and in 23 it was grade III or louder. This murmur (figs. 1 and 2) was usually of medium or high frequency, described as rough or blowing, generally occurring in the first two thirds of systole, and was heard best at the apex or lower left sternal border. Transmission was usually toward the apex and mid-left sternal border.
A diastolic murmur was noted in 22 patients, and in 19 it was of grade II or III intensity. The diastolic murmur ( fig. 3) consisted of medium or low frequency vibrations, sometimes described as rumbling in quality. It was heard shortly after the second heart sound and was maximal at the apex or lower left sternal border. A third heart I--i ll The present study suggests that certain clinical findings in complete heart block might be related directly to the altered hemodynamics associated with the slow ventricular rate. It would appear that the most significant physiologic consequences of the slow cardiac rate are the increased stroke volume, and the increased end-diastolic heart volume. The former may be responsible for some of the auscultatory findings and the latter for the frequently observed eardiomegaly.
A systolic murmur is almost always present in congenital complete heart block and its presence suggests the diagnosis of a ventricular or atrial septal defect in children. This murmur may equally well be explained by the large stroke volume and the associated high ejection velocity of the blood flow in complete heart block.6 7 Phonocardiograms in our patients without demonstrable left-to-right shunts indicate that the systolic murmur is often restricted to the first half of systole and is high in frequency. These characteristics are suggestively similar to a form of "innocent systolic murmur" described by Wells8 and can be related to increased turbulence in the blood stream at the time of rapid increase in the rate of blood flow. This murmur can be classified with the systolic murmurs heard in high cardiac output states, i.e., severe anemia, thyrotoxicosis, pregnancy, and the basal systolic murmur in atrial septal defects ("relative pulmonary stenosis").
A loud apical diastolic murmur was heard in 20 of the 25 children studied including each of the 8 patients who had no shunts demonstrated on right heart catheterization. The murmur ( fig. 6 ) occurs early in diastole and is synchronous with the period of rapid ventricular filling. When the atria contract during this period, a summation effect can occur with a resultant increase in the intensity of the murmur (fig. 3) period is relatively constant over a wide range of heart rates. In 5 patients with congenital complete heart block (mean ventricular rate 42 per minute) the duration of the rapid ventricular filling period as estimated from the phonocardiogram (S2 to S3 interval) was 0.12 to 0.14 second. In 4 patients with tachycardia (mean ventricular rate 130 per minute) this period ranged from 0.11 to 0.13 second.
In complete heart block the abnormally large stroke volume that traverses the atrioventricular valves during early diastole may result in a high blood flow velocity, increased turbulence, and a diastolic murmur. A similar hypothesis of increased blood flow traversing a normal valve orifice has been advanced as the mechanism of the apical diastolic rumble in large left-to-right shunts ("relative atrioventricular valve stenosis'').
Rytand9 has described a diastolic apical murmur related to atrial activity in elderly patients with heart block. In the adult patients, as in the children reported here, the murmur was loudest early in diastole whenever atrial systole more or less coincided with the rapid diastolic filling period. It was postulated that after the atriventricular valves have been floated nearly together by early diastolic ventricular filling they constitute a relatively narrowed orifice for the continuing and accelerated (atrial contraction) transvalvular blood flow. The murmur disappears or is replaced by short atrial contraction sounds in late diastole ( fig. 3 ) because the transvalvular blood flow has markedly decreased.
It should be clearly appreciated that other possible origins of these murmurs have not been definitely excluded even in those patients with essentially normal findings on right heart catheterization. Organic mitral valve lesions, possibly in association with endocardial fibroelastosis, are not completely excluded even though the pulmonary "capillary" pressures were only minimally elevated. Furthermore, a small septal defect could possibly not be detected because of the limitation of oxygen saturation methods in measuring small left-to-right shunts.
The radiologic and electrocardiographic findings in children with congenital complete heart block must similarly be interpreted with caution in regard to the diagnosis of an associated intracardiac lesion. In our study slight or moderate cardiomegaly was a frequent finding, occurring in 19 of the 25 acyanotic patients. It is general clinical experience that cardiac enlargement is common with bradyeardia in adults,10 and thus cardiomegaly might be expected in complete heart block even in the absence of any associated congenital heart lesion. It has also been demonstrated that experimental induction of complete heart block in the dog11 frequently results in generalized cardiac enlargement and myocardial hypertrophy. Fortunately, the status of the pulmonary vasculature provides a relatively reliable finding in assessing this group for associated congenital heart lesions. The pulmonary vasculature was described as normal by the roentgenologist inl each of the 8 patients without demonstrable left-to-right shunts on catheterization, whereas 3 of the 4 patients with left-to-right shunts had radiologic evidence of pulmonary vascular engorgement. The electrocardiogram is invaluable in establishing the diagnosis of congenital complete heart block. In addition considerable information can probably also be derived from the QRS complex, despite the fact that the conduction pathway is not intact. In contrast to acquired complete heart block in adults where over half of the patients have idioventricular QRS complexes,12 the electrocardiogram in congenital complete heart block almost always has a QRS complex that is supraventricular in form. 3 13 In 24 of our 25 acyanotic patients the QRS complexes were of normal duration (0.04 to 0.08 second) and supraventricular in form. This finding would indicate that the dominant impulse center is located above the bifurcation of the bundle of His, and that the excitatory process propagates through the ventricular myocardium in a relatively normal sequence. Tinder these circumstances the usual criteria for ventricular hypertrophy should be applicable. Right ventricular hypertrophy was present in only 1 of the 25 acyanotic patients. Left ventricular hypertrophy was noted in 8 patients; cardiac catheterization in 3 of these did not disclose any significant associated congenital heart lesion. Incomplete right bundle-branch block was diagnosed in 4 patients; catheterization in 3 of this group demonstrated an atrial septal defect. These electrocardiographic data, although limited, suggest that left ventricular hypertrophy patterns are not uncommon in congenital complete heart block and that incomplete right bundle-branch block might possibly indicate the presence of an associated septal defect.
SUMA MrARY
The clinical, radiologic, and electrocardiographic features of congenital complete atrioventricular block have been reviewed in 27 infants and children, and cardiac catlheterization was performed in 12 of these patients.
In this group certain clinical findings ineluding a hyperactive apical impulse, prominent systolic and diastolic murmurs, andl cardiomegaly are frequently suggestive of an associated congenital cardiac lesion with a left-to-right shunting of blood. Eight of the 12 patients studied by cardiac catheterization had no demonstrable congenital cardiac lesion except complete heart block, despite the presence of the above findings. In the remaining 4 patients with left-to-right shunts demonstrated by cardiac catheterization the only reliable sign of the associated congenital cardiac lesion was the radiologic demonstration of an engorged pulmonary vasculature.
It is suggested that the difficulty in interpreting certain auseultatory findings in patients with complete congenital heart block is related to the large stroke volume associated with the slow heart rate. This results in a high velocity of blood flow through the semilunar and atrioventricular valves and can produce murmurs suggesting functional stenosis. The large stroke volume is also associated with a large end-diastolic heart volume, probably leading to cardiomegaly. Since long-term studies indicate that the prognosis in complete congenital heart block is dependent primarily on the nature of the associated congenital cardiac lesion that may be present, it is important to establish a correct anatomic diagnosis of any septal defect with a view to surgical correction when indicated.
SUMMIARTO IN INTERLINGUA Le aspectos clinic, radiologic, e electrocardiographic de congenite bloco atrioventricular complete esseva revidite in 27 infantes e juveniles. Catheterisation cardiac esseva interprendite in 12 de illes.
In iste gruppo certe constatationes clinicincluse un hyperactive impulso apical, prominente murmures systolic e diastolic, e eardiomegalia-es frequentemente indicios de un associate lesion cardiac congenite con derivation sinistro-dextere de sanguine. Octo del 12 patientes studiate per catheterisation cardiac habeva nulle congenite lesion cardiac excepte le complete bloco cardiac, ben que le supra-listate indicios esseva presente. In le altere 4 patieiites con derivationes sinistrolextere demonstrate per catheterisation cardiac, le sol convincente signo de un associate lesion cardiac congenite esseva le demonstration radiologie de un turgide vasculatura pulmonar.
Es exprimite le opinion que le difficultate del interpretation de certe constatationes auscultatori in patientes con congenite bloco cardiac complete es relationate al grande volumine per pulso que es associate con le basse frequentia cardiac. Isto resulta in un alte velocitate del fluxo de sanguine a transverse le valvulas semilunar e atrioventricular e pote producer murmures que pare indicar stenosis functional. Le grande volumine per pulso es etiam associate con un grande volumine cardiac termino-diastolic, e isto resulta probabilemente in cardiomegalia.
Proque studios a longe vista indica que le prognose in congenite bloco cardiac complete depende primarimente del natura del possibilemente associate lesion cardiac congenite, il es importante establir un correcte diagnose anatomic con respecto al presentia de un defecto septal e corriger lo chirurgicamente si un tal manovra es indicate.
